Purpose To investigate the effects of topical vitamin E and hydrocortisone acetate treatments on corneal healing response after
Methods Thirty-three New Zealand white rabbits were divided into four groups and -10 D PRK was performed under in vivo conditions. Following PRK, group 1 (n = 9) received no topical treatment and served as control. Group 2 (n = 8) received 0.1% hydrocortisone acetate ointment twice a day, group 3 (n = 8) received 1% vitamin E ointment and group 4 (n = 8) received both 0.1% hydrocortisone acetate and 1% vitamin E twice a day for a month. At the end of the third month, corneal haze was graded and the corneal hydroxyproline levels were measured, as a crude indicator of new collagen synthesis.
Finally corneal samples were examined by transmission electron microscopy.
Results Non-homogeneously distributed strong haze was identified in group 1 which was greater than in the other groups; haze was least in groups 2 and 4. Corneal hydroxyproline levels were found to be significantly lower in groups 2, 3 and 4 compared with the control (Student's t-test, p < 0.05). Histopathologically, the most aggressive wound healing response was detected in group 1. The corneal wound healing response of group 2 was less than that of group 1 and equal to or more than that of group 4. Conclusions Deep corneal photoablation induces an aggressive healing response, and topical hydrocortisone acetate reduces this corneal wound healing effectively. The inhibitory effect of topical vitamin E on corneal wound healing seems to be less than that of hydrocortisone acetate, but combined treatment with these two drugs may have an additive effect in controlling corneal wound healing after PRK. Excimer laser corneal tissue interaction may initiate free radical formation in the cornea. There are three possible sources of free oxygen radical production in the cornea during and after excimer laser photoablation: ultraviolet (UV) radiation (193 nm UV radiation, UV-C) that occurs during excimer laser treatment,3 excimer-Iaser-induced thermal increase in the corneal tissue during photoablation3,4 and accumulation of polymorphonuclear leucocytes on the laser-ablated surface.s Free radicals are toxic products creating tissue damage, and may be responsible for some of the complications of the excimer laser corneal surgery?
Therapies to inhibit these complications are under investigation. The clinical significance of steroid use after PRK is controversial. In rabbit studies the use of topical corticosteroids after PRK has a transient effect in reducing the corneal haze and new connective tissue synthesis.6 Alpha-tocopherol (vitamin E) is the major membrane-associated chain-breaking antioxidant in all tissues and is considered to be the first line of defence against oxygen radicals and lipid peroxidation. It has also been demonstrated that vitamin E is able to inhibit proliferation of human Tenon's capsule fibroblasts. 7 The purpose of this study was to investigate the effects of topical vitamin E and hydrocortisone acetate treatments on corneal healing response, after -10.0 D PRK in rabbits. With this aim, we graded the corneal haze by slit-lamp microscopic examination at the end of the third month, and measured the corneal hydroxyproline levels as crude indicator of new collagen synthesis. Finally we examined the corneal samples by transmission electron microscopy.
Materials and methods
Thirty-three New Zealand white rabbits (average weight 3.2--4.1 kg) were anaesthetised with an intramuscular injection of 25 mg/kg ketamine hydrochloride, 2.5 mg/kg xylazine and topical proparacaine hydrochloride. The central cornea was marked with a 7 mm trephine and the demarcated epithelium removed by a blunt spatula (Visitec, Sarasota, USA). We performed -10 D PRK with 193 nm excimer laser (Aesculap Meditec, Mel 60, Jena, Germany) under in vivo conditions. The fluence at the cornea was 250 MJ / cm2, with a repetition rate of 20 Hz, and the diameter of the ablation zone was 6 mm. Post-operative treatment included topical antibiotics and occlusion until epithelial resurfacing. Occlusion was achieved with a single 6/0 silk suture placed in the centre to fuse the lids. Epithelial resurfacing was completed by the end of the fourth post operative day in all but two eyes. These two rabbits with delayed re-epithelialisation (one each from groups 2 and 4) were excluded from the study groups since they later developed corneal vascularisation. Nine randomly chosen rabbits were included in group 1 and received no topical treatment after epithelial resurfacing and served as the control group (a topical drug-free ointment base could not be used because of technical problems). Remaining rabbits were also randomised to receive 0.1 % hydrocortisone acetate ointment (Cortimycine, A.i Chevien, Istanbul) twice a day for 1 month (group 2, n = 8), 1 % vitamin E ointment twice a day for 1 month (group 3, n = 8) or both 0.1 % hydrocortisone acetate and 1 % vitamin E treatment (group 4, n = 8). One rabbit in group 3 died on the seventh post-operative day.
The composition of each sterile 100 g vitamin E ointment was: DL-alpha-tocopherol acetate 1.0 g, Vaseline 88.8 g, mineral oil 10.0 g, methyl paraben 0.2 g (Bilim ilac, Table 2 . Corneal hydroxyproline levels of the groups (f-tg/g tissue) Istanbul, Turkey). We did not use antioxidants (e.g. betacarotene) in the formulation as a preservative agent to protect vitamin E from oxygen, in order to see the antioxidant effects of only vitamin E on the eye, without interference from other preservative antioxidant agents. The effective life of the product was 1 month, because the potency of vitamin E gradually decreases to 90% in 1 month with this formulation.
Corneal haze of the groups were graded under slit lamp microscopy at the end of the third month by an examiner masked to the treatment groups. We observed corneal vascularisation and scarring in 2 eyes (one from group 2 and the other from group 4) and these were excluded from the groups. Animals were then killed by an overdose of pentobarbital. The central corneal tissues were removed with a 6 mm trephine and hydrolysed in 6 N hydrochloric acid.
Corneal hydroxyproline was determined on the hydrolysate by a modification of the method of Bergman and Lexley. 8 The corneal hydroxyproline levels of the vascular corneal samples were also measured. Student's t-test was used for the statistical analysis of the results. Two rabbits were chosen randomly from each group for histopathological evaluation and corneal samples were prepared for light and transmission electron microscopy.
Institutional guidelines regarding animal experimentation were followed and only one eye of each rabbit was used in the study.
Results

Corneal haze
The haze grading of the groups are shown in Table 1 . Group 1 revealed non-homogeneously distributed strong haze (mean: 2.77) which is statistically significantly greater than in all the other groups (p < 0.05) ( Table 1) . Although there was no statistically significant difference between groups 2 and 4 (t = 1.54, P = 0.17), group 4 revealed the lowest grades of haze (mean: 1.07). 
Corneal hydroxyproline levels
Corneal hydroxyproline levels are shown in Table 2 .
Hydroxyproline levels in group 1 (mean: 38.28 ± 1.17)
were significantly higher than in all the other groups (Student's t-test, p < 0.05). The corneal hydroxyproline levels of the two neovascular corneal samples (mean:
39.02 ± 0.42) were even higher than that in the control group. 
Microscopic examination
Group 1 (control group)
There was epithelial hyperplasia with thickening up to ten layers. The newly formed basement membrane was irregular, and focal interruptions and undulations were detected. Increased keratocyte density with pleomorphism and vacuolisation were prominent in the anterior stroma.
Most of the keratocytes (74.4%) were located in the anterior half of the cornea in this group (Fig. 1) . (5), a large and degenerated keratocyte (arrow), vacuolisation in the stroma (*). Osmium tetroxide, X3000. Fig. 6 . Group 4. Epithelium (E), stroma (5), basement membrane (arrow), a keratocyte (*). Osmium tetroxide, X3000.
Group 2
There was no significant alteration in the corneal structures. The epithelium was composed of six to eight layers. The anterior stroma was uniform and the keratocyte density was minimally increased, 55.8% of keratocytes being located in the anterior half of the stroma (Fig. 2) . The basement membrane displayed focal disruptions with hemidesmosomes (Fig. 3) .
Group 3
The epithelium was composed of eight to ten layers and the basement membrane was irregular. Degenerated keratocytes accumulated in the photoablated zone and 67.9% were located in the anterior half of the stroma (Fig. 4) . The keratocytes had a polygonal shape and large nucleus. There were degenerative zones and vacuolisations in the stroma (Fig. 5 ).
Group 4
No significant alterations were identified in group 4. The epithelium was composed of six to eight layers. The basement membrane displayed a continuity with hemidesmosomes without any focal disruption (Fig. 6 ).
The increase in the keratocyte density of the anterior stroma was minimal (54.5°,,{,) in this group.
Discussion
PRK is considered to be a safe and effective procedure in low to moderate myopia. It does not seem to be so innocent, however, in the treatment of high myopia, Vitamin E also inhibits growth and / or induces morphological differentiation in several cell types?l The use of mitomycin C and interferon-alpha 2b were reported to reduce the corneal haze in rabbits. 22, 23 In this study we induced an aggressive stromal wound healing response and investigated the effects of topical hydrocortisone acetate and vitamin E treatments.
We used the topical therapy for 1 month because the potency of vitamin E gradually decreases to 90°,,{, in 1 month with this formulation. We observed the animals for 3 months, as the subepithelial haze peaks at 8-12
weeks post-operatively.
We observed maximum haze in group 1 (control group), and the minimum haze in groups 2 and 4 ( Table 1) . Haze distribution between groups made us think that topical vitamin E treatment may have some inhibitory effect on corneal haze formation, but not so impressive as the effect of hydrocortisone acetate.
Although the difference between the steroid-only group (group 2) and the steroid + vitamin E group (group 4) is not statistically significant, the combined treatment group had the lowest grades of haze, which suggests that vitamin E may have an additive effect on reducing corneal haze.
Corneal hydroxyproline levels were found to be significantly lower in groups 2, 3 and 4 compared with the control group (Student's I-test, p < 0.05). These results suggest that topical treatment with hydrocortisone acetate and vitamin E inhibits new collagen synthesis in the cornea after deep photoablation. Measurement of hydroxyproline levels in corneal tissue is not thought to be a sensitive indicator of new collagen synthesis, but we found the highest levels of the corneal hydroxyproline in corneas with the most aggressive wound healing (corneal scar and vascularisation). Additionally, the results of the slit-lamp and microscopic examinations showed parallelism with the corneal hydroxyproline levels. Measurements of corneal hydroxyproline levels thus appear to provide some information about corneal collagen synthesis.
Microscopic examination of the corneal samples showed the regenerative response of the corneal tissue after deep PRK. The most aggressive wound healing response was detected in group 1. Epithelial hyperplasia, basement membrane irregularity, anterior stromal disorganisation and increased keratocyte density in the anterior half of the stroma (74.4%) were prominent in group 1. The wound healing response of group 2 was less than that of group 1 and equal to or greater than that of group 4. These findings suggest that topical corticosteroid treatment inhibits stromal wound healing when initiated soon after PRK. The microscopic findings of group 3 showed minimal differences from the control group; the epithelial hyperplasia and the accumulation of keratocytes in the anterior stroma were less, but basement membrane irregularity and anterior stromal disorganisation were similar to group 1. The histological investigation in group 4 showed almost regular stromal architecture, no focal disruption but minimal undulation in the basement membrane. These histological findings also suggest that topical vitamin E therapy itself may have little or no effect on corneal wound healing after PRK but may have an additive effect when it is combined with topical corticosteroid therapy. The keratocyte density of the anterior stroma was minimal (54.5%) and the basement membrane was regular in group 4.
The effects of corticosteroid treatment on the corneal wound healing response after PRK have been investigated in many studies. This is the first study to investigate the effects of vitamin E after PRK. Vitamin E is a potent antioxidant and is able to inhibit proliferation in several cell types (e.g. human Tenon's capsule fibroblasts)? Our results suggest that topical corticosteroid treatment has a beneficial effect on reducing corneal haze and inhibiting stromal wound healing when initiated soon after PRK; that vitamin E treatment alone may have a limited effect on corneal wound healing after PRK; and that vitamin E treatment may have an additive effect when combined with topical corticosteroid therapy since the least corneal healing response (as indicated by the lowest levels of hydroxyproline, reduced corneal haze and undisturbed basement membrane) was observed with the combined treatment with these two agents in our study (Tables 1, 2 ).
In conclusion, deep corneal photoablation induces an aggressive healing response and topical hydrocortisone acetate treatment reduces corneal wound healing effectively. The effect of topical vitamin E treatment is less than that of corticosteroid treatment, but combined treatment with these two drugs may have an additive therapeutic effect on controlling corneal wound healing after PRK.
